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FUEL INJECTION SYSTEM HAVING
ELECTRIC LOW-PRESSURE PUMP

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based on and incorporates herein by

reference Japanese Patent Applications No. 2004-694635
filed on Mar. 11, 2004, No. 2004-69518 filed on Mar. 11,

2004 and No. 2004-69576 filed on Mar. 11, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fuel injection system for
supplying fuel into an engine by injection. Specifically, the
present ivention relates to a fuel injection system, which
draws fuel from a fuel tank with the use of an electric
actuator such as an electric motor.

2. Description of Related Art

A fuel myjection system for supplying fuel to an engine by
injection includes a high-pressure pump, which pressurizes
the fuel to a hugh pressure and supplies the fuel to the engine
through 1njection valves (injectors), and a low-pressure
pump, which draws the fuel from a fuel tank and supplies the
tuel to the high-pressure pump. The high-pressure pump has
a rotary shait rotated by the engine. If the rotary shaft
rotates, the high-pressure pump suctions and pressurizes the
tuel, which 1s supplied by the low-pressure pump, to the high
pressure, and pressure-feeds the fuel to the ijectors. The
low-pressure pump 1s attached to an end of the rotary shaft
of the high-pressure pump. If the rotary shatt rotates, the
low-pressure pump draws the fuel from the fuel tank and
supplies the fuel to the high-pressure pump. Thus, the
high-pressure pump and the low-pressure pump are driven
by the engine and supply the fuel to the engine according to
an engine rotation speed, or a fuel quantity required by the
engine.

In recent years, a fuel 1njection system employing elec-
trically-driven high-pressure pump and low-pressure pump
driven by an electric actuator (for instance, an electric
motor) has been proposed, for instance, as disclosed in
JP-A-HO09-209870 or JP-A-2000-179427, istead of the
engine-driven high-pressure pump and low-pressure pump
driven by the engine. The electrically-driven fuel 1njection
system, specifically, the fuel injection system equipped with
the electrically-driven low-pressure pump (the electric low-
pressure pump), has advantages over the fuel 1njection
system equipped with the engine-driven low-pressure pump
as explained below.

First, the engine-driven low-pressure pump cannot supply
a larger quantity of the fuel than a quantity corresponding to
the engine rotation speed. Therelore, there 1s a possibility
that the fuel supply becomes deficient 1n a low-rotation
speed period occurring immediately after a start of the
engine, for instance. In contrast, the electric low-pressure
pump can supply a constant quantity of the fuel irrespective
of the engine rotation speed. Therefore, the deficiency 1n the
tuel supply does not occur 1n the low-rotation speed period
occurring immediately after the start of the engine.

Secondly, since the engine-driven low-pressure pump 1s
attached to the end of the rotary shait of the high-pressure
pump, the system requires another pump for filling a fuel
passage leading from the fuel tank to the low-pressure pump
with the fuel when the engine 1s restarted after an engine
stall or when the engine 1s shipped. In contrast, the electric
low-pressure pump can be mounted near the fuel tank
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because of a large freedom degree of a mounting position of
the electric low-pressure pump. Therefore, the fuel pump for
filling the fuel passage 1s unnecessary.

Next, an example of a fuel injection system 101 of a
related art having an electric low-pressure pump 100 will be
explained based on FIG. 6. The fuel imjection system 101
includes a high-pressure pump 102, the low-pressure pump
100, and a common rail 105. The high-pressure pump 102
pressurizes the fuel to a high pressure and supplies the fuel
to an engine. The low-pressure pump 100 1s driven by an
electric motor 103 as an electric actuator. Thus, the low-
pressure pump 100 draws the fuel from a fuel tank 104 and
supplies the fuel to the high-pressure pump 102. The com-
mon rail 105 accumulates the fuel, which 1s supplied by the
high-pressure pump 102, at an injection pressure, at which
the fuel 1s 1yjected 1nto the engine.

The high-pressure pump 102 supplies the high-pressure
fuel 1n the common rail 105 1nto the engine through the
common rail 105 and ijection valves (injectors) 108 by
injection. The high-pressure pump 102 1s formed with a cam
mechanism 111 driven by the engine and with pressurizing
chambers 112 capable of expanding and contracting. The
high-pressure pump 102 has multiple pressurizing portions
113 and a suction control valve (SCV) 114. The pressurizing
portions 113 are driven by the cam mechanism 111. Thus,
the pressurizing portions 113 introduce the fuel into the
pressurizing chambers 112 and pressure-feed the suctioned
tuel to the mjectors 108. The SCV 114 regulates a suctioning
quantity of the fuel suctioned 1nto the pressurizing chambers
112 out of the fuel supplied from the low-pressure pump

100.

The cam mechanism 111 includes a rotary shait 117, a
cam 118 1n the shape of a circular column, and a cam ring
119. The rotary shaft 117 1s rotated by the engine. The cam
118 1s eccentrically fitted to the rotary shaft 117. The cam
ring 119 slidably accommodates the cam 118.

Each pressurizing portion 113 includes a plunger 123 and
a spring 124. The plunger 123 1s slidably accommodated 1n
a cylinder 122 and driven by the cam mechanism 111 away
from the rotary shaft 117. The spring 124 biases the plunger
123 toward the rotary shaft 117. A plunger tappet 125 1s
disposed on a tip end of the plunger 123 on the rotary shaft
117 side. A biasing force of the spring 124 brings the plunger
tappet 125 1nto sliding contact with a siding surface formed
on an outer periphery of the cam ring 119. The pressurizing
chamber 112 1s provided by an inner peripheral surface of
the cylinder 122, an end surface of the plunger 123 opposite
from the rotary shaft 117, and the like. The multiple pres-
surizing portions 113 are formed around the rotary shaft 117
at an equal angular interval (for instance, an interval of 180°

or 120°).

A valve member of the SCV 114 1s driven by a magnetic
force generated by energization of a solenoid of the SCV
114. A value of current for the energization 1s controlled by
duty cycle control 1 order to regulate a valve opening
degree. 11 the energization of the solenoid of the SCV 114 1s
stopped, the valve opening degree of the SCV 114 1s
changed to a fully opened state or a fully closed state by a
biasing force of a spring and the like.

The cam 118, the cam ring 119 and the plunger tappet 125
are accommodated 1n a cam chamber 128. The cam chamber
128 1s supplied with part of the fuel, which 1s supplied from
the low-pressure pump 100 and 1s circulated, as lubricating
tuel. Thus, seizing due to the sliding contact between the
cam 118 and the cam ring 119 and sei1zing due to the sliding
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contact between the plunger tappet 125 and the cam ring 119
can be prevented. A restrictor 129 limits the supply of the
lubricating fuel.

If the rotary shatt 117 1s rotated by the engine, the cam 118
revolves around a central axis of the rotary shaft 117.
Accordingly, the plunger 123 reciprocates once 1n the cyl-
inder 122 while the rotary shait 117 makes one revolution.
More specifically, 1t the rotary shait 117 makes one revo-
lution, the plunger 123 moves from a position where the
volume of the pressurizing chamber 112 1s maximized to
another position where the volume 1s minimized, and then,
the plunger 123 returns to the position where the volume 1s
maximized. Meanwhile, the plunger tappet 125 slides on the
sliding surface of the cam ring 119.

If the volume of the pressurizing chamber 112 1s maxi-
mized, suctioning operation for suctioning the fuel into the
pressurizing chamber 112 ends and fuel pressure-feeding
operation for pressure-feeding the fuel from the pressurizing
chamber 112 starts. Then, the fuel pressure 1n the pressur-
izing chamber 112 remains high while the volume of the
pressurizing chamber 112 changes from the maximum vol-
ume to the minimum volume. Thus, the high-pressure fuel 1s
pressure-fed from the pressurizing chamber 112 to the
common rail 105. If the volume of the pressurizing chamber
112 1s mimmimized, the pressure-feeding operation for pres-
sure-feeding the high-pressure fuel from the pressurizing
chamber 112 ends and the fuel suctioning operation for
suctioning the fuel into the pressurizing chamber 112 starts.
The fuel pressure 1n the pressurizing chamber 112 remains
low while the volume of the pressurizing chamber 112
changes from the mimimum volume to the maximum vol-
ume. Thus, the fuel 1s suctioned 1nto the pressurizing cham-
ber 112.

The low-pressure pump 100 1s a pump having a publicly
known structure, which draws the fuel from a fuel tank 104
and supplies the fuel to the high-pressure pump 102 by
rotating an impeller 130 thereof. The impeller 130 of the
low-pressure pump 100 1s rotated by an electric motor 103
to draw the fuel from the fuel tank 104 and to supply the fuel
to the high-pressure pump 102 mainly through the SCV 114.
An excess quantity of the fuel out of the fuel supply quantity
of the low-pressure pump 100 1s released to the fuel tank 104
by a pressure regulation valve 131.

The supply quantity of the low-pressure pump 100, or a
supply pressure of the low-pressure pump 100, 1s constant
regardless ol a change 1n the pressure-feeding quantity of the
high-pressure pump 102. Therefore, the pressure regulation
valve 131 regulates the pressure at an inlet of the SCV 114.
More specifically, 1f the pressure-feeding quantity of the
high-pressure pump 102 decreases, an opening degree of the
pressure regulation valve 131 increases and a quantity of the
tuel released to the fuel tank 104 increases. It the pressure-
teeding quantity of the high-pressure pump 102 increases,
the opening degree of the pressure regulation valve 131
decreases and the quantity of the fuel released to the tuel
tank 104 decreases.

The fuel 1njection system 101 1s controlled by controlling,
means 133.

For instance, the controlling means 135 controls an 1njec-
tion quantity or injection timing of the fuel imjected from the
injectors 108 into the respective cylinders 1n accordance
with sensing signals of engine rotation speed sensing means
136 and accelerator position sensing means 137, which
sense the requirements of the engine.

The controlling means 135 regulates the suctioning quan-
tity of the SCV 114 so that the fuel pressure 1n the common
rail 105 (a common rail pressure) substantially coincides
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with the 1njection pressure of the injectors 108 1n accordance
with a sensing signal outputted from common rail pressure
sensing means 138, which senses the common rail pressure.
The suctioming quantity of the SCV 114 1s regulated by duty
cycle control of the current value supplied to the solenoid of

the SCV 114.

The electric low-pressure pump 100 of the related art
needs to continuously supply the fuel corresponding to the
maximum value of the fuel quantity required by the engine
lest the fuel supply quantity become less than the fuel
quantity required by the engine. Therefore, the fuel supply
ol the electric low-pressure pump 100 of the related art 1s
wastetul and power consumption of the electric actuator 1s
large. Therefore, a large amount of the power 1s required to
start the engine (specifically, to energize a starter and the
clectric actuator 103 of the low-pressure pump 100). As a
result, there 1s a possibility that a size of an alternator needs
to be enlarged.

If the fuel imjection quantity of the injectors 108
decreases, or if the fuel quantity required by the engine
decreases, the valve opening degree of the SCV 114 is
decreased 1n order to reduce the quantity of the fuel pres-
sure-fed to the common rail 105. However, 1f the valve
member of the SCV 114 becomes inoperative at a large
valve opening degree due to clogging of extraneous matters
or i1f the fuel leaks from a clearance between the valve
member and a valve body, a larger amount of the fuel than
the 1njection quantity of the ijectors 108 1s pressure-fed to
the common rail 105. If an abnormally high common rail
pressure occurs or 1f reduction of the common rail pressure
delays as a result, there 1s a possibility that combustion noise
1ncreases.

Moreover, 1f the electric low-pressure pump 100 1s used,
there 1s a possibility that the fuel supply quantity of the
low-pressure pump 100 changes with time due to degrada-
tion of the electric motor 103 and the like. If the fuel supply
quantity of the low-pressure pump 100 changes with time,
the suctioning quantity of the high-pressure pump 102, or
the quantity of the fuel pressure-fed to the injectors 108, wall
vary even though the rotation speed of the rotary shaft 117
of the high-pressure pump 102 and the valve opening degree
of the SCV 114 are the same as those provided before the
change with time. As a result, there 1s a possibility that a
difference between the fuel supply quantity supplied to the
engine and the fuel quantity required by the engine
increases, and exhaust gas characteristics and the like are
deteriorated.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a fuel mjection system capable of reducing wasteiul fuel
supply of an electric low-pressure pump and power con-
sumption ol an electric actuator driving the low-pressure
pump.

It 1s another object of the present mnvention to provide a
fuel 1njection system using an electric low-pressure pump

capable of quickly reducing a common rail pressure when
the common rail pressure needs to be reduced.

It 1s yet another object of the present invention to provide
a Tuel 1njection system capable of substantially conforming
a fuel supply quantity, which 1s supplied by a high-pressure
pump to an engine, to a fuel quantity required by the engine
even 1 a fuel supply quantity of a low-pressure pump
changes with time due to degradation of an electric actuator

and the like.
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According to an aspect of the present invention, a fuel
injection system includes a high-pressure pump, a low-
pressure pump and controlling means. The high-pressure
pump pressurizes fuel to a high pressure and supplies the
fuel to an engine. The low-pressure pump 1s driven by an
clectric actuator. Thus, the low-pressure pump draws the
fuel from a fuel tank and supplies the fuel to the high-
pressure pump. The controlling means controls a fuel supply
quantity of the low-pressure pump by regulating an energi-
zation amount of the electric actuator.

Thus, the energization amount of the electric actuator
driving the low-pressure pump can be regulated in accor-
dance with a fuel quantity required by the engine. As a
result, power consumption of the electric actuator can be
reduced and wastetul fuel supply of the low-pressure pump
can be reduced.

According to another aspect of the present invention, the
controlling means of the fuel injection system stops the tuel
supply of the low-pressure pump by stopping the energiza-
tion of the electric actuator in a common rail pressure
reduction period, 1 which a common rail pressure 1s
reduced.

Thus, the fuel supply of the low-pressure pump can be
stopped when the common rail pressure needs to be reduced
quickly, for instance, when an abnormally high common rail
pressure occurs. As a result, an increase of combustion noise
and the like can be prevented by quickly reducing the
common rail pressure.

According to yet another aspect of the present invention,
the fuel 1njection system includes low-pressure pump supply
pressure sensing means for sensing a fuel supply pressure of
the low-pressure pump. The controlling means of the fuel
injection system controls a valve opening degree of a suction
control valve 1n accordance with a sensing signal outputted
by the low-pressure pump supply pressure sensing means.

The fuel supply pressure of the low-pressure pump
changes 1n accordance with the fuel supply quantity of the
low-pressure pump. Therefore, the control can be performed
in accordance with the fuel supply quantity of the low-
pressure pump by using the sensing signal outputted by the
low-pressure pump supply pressure sensing means.

Thus, by controlling the valve opening degree of the
suction control valve 1n accordance with the sensing signal
outputted by the low-pressure pump supply pressure sensing
means, the fuel supply quantity supplied by the high-
pressure pump to the engine can be substantially conformed
to the fuel quantity required by the engine even 1f the fuel
supply quantity of the low-pressure pump changes with
time.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments will be appre-
ciated, as well as methods of operation and the function of
the related parts, from a study of the following detailed
description, the appended claims, and the drawings, all of
which form a part of this application. In the drawings:

FIG. 1 1s a schematic diagram showing a fuel injection
system according to a first embodiment of the present
imnvention;

FIG. 2A 1s a graph showing a correlation between a
pressure-feeding quantity of a high-pressure pump and
power consumption of an electric motor according to the
first embodiment:
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FIG. 2B 1s a graph showing a correlation between the
pressure-feeding quantity of the high-pressure pump and a
tuel supply quantity of a low-pressure pump according to the
first embodiment;

FIG. 3 1s a time chart showing transitions of a common
rail pressure and an energization state of an electric motor of
a Tuel 1mnjection system according to a second embodiment of
the present invention;

FIG. 4 1s a schematic diagram showing a fuel injection
system according to a third embodiment of the present
invention;

FIG. 5 1s a graph showing a correlation between suction
control valve drive current and a pressure-feeding quantity
of a high-pressure pump according to the third embodiment;
and

FIG. 6 1s a schematic diagram showing a fuel injection
system of a related art.

DETAILED DESCRIPTION OF THE REFERRED
EMBODIMENTS

(First Embodiment)

Referring to FIG. 1, a fuel injection system 1 according to
a first embodiment of the present invention 1s 1llustrated.

As shown 1n FIG. 1, the fuel injection system 1 includes
a high-pressure pump 2, a low-pressure pump 5, controlling
means 6, a common rail 7 and common rail pressure sensing
means 8. The high-pressure pump 2 pressurizes fuel to a
high pressure and supplies the fuel to an engine. The
low-pressure pump 5 1s driven by an electric motor 3 as an
clectric actuator. Thus, the low-pressure pump 5 draws the
fuel from a fuel tank 4 and supplies the fuel to the high-
pressure pump 2. The controlling means 6 controls the fuel
injection system 1. The controlling means 6 controls a fuel
supply quantity of the low-pressure pump 3 by regulating an
energization amount of the electric motor 3. The common
rail 7 accumulates the fuel, which 1s supplied from the
high-pressure pump 2, in a high-pressure state. The common
rail pressure sensing means 8 senses a fuel pressure 1n the
common rail 7 (a common rail pressure).

The high-pressure pump 2 supplies the high-pressure fuel
in the common rail 7 into the engine through the common
rail 7 and 1njection valves (injectors) 10 by injection. The
high-pressure pump 2 1s formed with a cam mechanism 11
driven by the engine and pressurizing chambers 12 capable
of expanding and contracting. The high-pressure pump 2 has
multiple pressurizing portions 16 and a suction control valve
(SCV) 17. The pressurizing portions 16 are driven by the
cam mechanism 11. Thus, the pressurizing portions 16
suction the fuel into the pressurizing chambers 12 and
pressure-feed the suctioned fuel to the mnjectors 10. The SCV
17 regulates a suctioning quantity of the fuel suctioned 1nto
the pressurizing chambers 12 out of the fuel supplied from
the low-pressure pump 5.

The cam mechanism 11 includes a rotary shaft 21, a cam
22 1n the shape of a circular column, and a cam ring 23. The
rotary shaft 21 1s rotatably held by bearings 18, 19 and 1s
rotated by the engine. The cam 22 1s eccentrically mounted
to the rotary shait 21. The cam ring 23 slidably accommo-
dates the cam 22.

Each pressurizing portion 16 includes a plunger 235, a
spring 26, a pressure-feeding side check valve 27 and a
suction side check valve 28. The plunger 25 1s slidably
accommodated 1 a cylinder 24 and driven by the cam
mechanism 11 away from the rotary shait 21. The spring 26
biases the plunger 25 toward the rotary shait 21. The
pressure-feeding side check valve 27 1s mounted in a fuel
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passage “a” between the pressurizing chamber 12 and the
common rall 7 for preventing a backtlow of the fuel from the
common rail 7 toward the pressurizing chamber 12. The
suction side check valve 28 1s mounted in a fuel passage “b”
between the pressurizing chamber 12 and the SCV 17 for
preventing a backilow of the fuel from the pressurizing
chamber 12 toward the SCV 17. A plunger tappet 31 1is
disposed on a tip end of the plunger 235 on the rotary shaft
21 side. A biasing force of the spring 26 brings the plunger
tappet 31 1nto sliding contact with a siding surface formed
on an outer periphery of the cam ring 23.

The pressurizing chamber 12 i1s provided by an inner
peripheral surface of the cylinder 24, an end surface of the
plunger 235 opposite from the rotary shait 21, and the like.
The multiple pressurizing portions 16 are formed around the
rotary shait 21 at an equal angular interval (for instance, an
interval of 180° or 120°). The multiple fuel passages “a”
extending from the multiple pressure-feeding side check
valves 27 merge 1nto a passage, which 1s connected with the
common rail 7.

The cam 22, the cam ring 23 and the plunger tappet 31 are
accommodated 1n a cam chamber 32. The cam chamber 32
1s supplied with part of the fuel, which is supplied from the
low-pressure pump 3 and circulated, as lubricating fuel.
Thus, se1zing due to the sliding contact between the cam 22
and the cam ring 23 and seizing due to the sliding contact
between the plunger tappet 31 and the cam ring 23 can be
prevented. The lubricating fuel 1s supplied to the cam
chamber 32 through a fuel passage “d” branching {rom a tuel
passage “c” leading from the low-pressure pump 5 to the
SCV 17. A restrictor 33 for limiting the supply of the
lubricating fuel 1s disposed 1n the fuel passage “d” 1n order
to prevent occurrence of troubles 1n the fuel suction into the
pressurizing chambers 12. The lubricating fuel supplied to
the cam chamber 32 returns to the fuel tank 4 through a fuel
passage “‘e”.

Next, operation of the cam mechanism 11 and the pres-
surizing portions 16 will be explained. If the rotary shait 21
1s rotated by the engine, the cam 22 revolves around a central
axis of the rotary shaft 21. The plunger 23 reciprocates 1n the
cylinder 24 once 1f the rotary shait 21 makes one revolution.
More specifically, 1 the rotary shatt 21 makes one revolu-
tion, the plunger 25 moves from a position where the volume
of the pressurnizing chamber 12 1s maximized to another
position where the volume 1s mimmized, and then, the
plunger 25 returns to the position where the volume 1s
maximized. Meanwhile, the plunger tappet 31 slides on the
sliding surface of the cam ring 23.

Next, the fuel suctioning operation and fuel pressure-
feeding operation accompanying the operation of the cam
mechanism 11 and the pressurizing portions 16 will be
explained. If the volume of the pressurizing chamber 12 1s
maximized, the suctioning operation for suctioning the fuel
into the pressurizing chamber 12 ends and the suction side
check valve 28 1s closed. Meanwhile, the pressure-feeding
side check valve 27 1s opened and the pressure-feeding
operation for pressure-feeding the fuel from the pressurizing
chamber 12 starts. Then, the fuel pressure 1n the pressurizing
chamber 12 remains high while the volume of the pressur-
1zing chamber 12 changes from the maximum volume to the
mimmum volume. Thus, the high-pressure fuel 1s pressure-
ted from the pressurizing chamber 12 to the common rail 7.
I1 the volume of the pressurizing chamber 12 1s minimized,
the pressure-feeding operation of the high-pressure fuel
from the pressurizing chamber 12 ends and the pressure-
teeding side check valve 27 1s closed. Meanwhile, the
suction side check valve 28 1s opened and the fuel suctioning
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operation 1nto the pressurizing chamber 12 starts. The fuel
pressure 1n the pressurizing chamber 12 remains low while
the volume of the pressurizing chamber 12 changes from the
minimum volume to the maximum volume. Thus, the fuel 1s
suctioned 1nto the pressurizing chamber 12.

The SCV 17 regulates the fuel suctioning quantity of the
fuel suctioned into the pressurizing chambers 12 of the
high-pressure pump 2 out of the fuel supplied from the
low-pressure pump 5. A valve member of the SCV 17 1s
driven by a magnetic force caused by energizing a solenoid
of the SCV 17. A current value of the energization 1is
controlled by duty cycle control to regulate a valve opening
degree as explained after. If the energization of the solenoid
1s stopped, the valve opening degree of the SCV 17 1s
changed to a fully opened state or a fully closed state by a
biasing force of a spring and the like.

The low-pressure pump 5 1s a pump having a publicly
known structure, which draws the fuel from the fuel tank 4
and supplies the fuel to the high-pressure pump 2 by rotating
an 1mpeller 34 thereof. The impeller 34 of the low-pressure
pump 5 1s rotated by the electric motor 3 to draw the fuel
from the fuel tank 4 and to supply the fuel to the high-
pressure pump 2. A fuel filter 35 1s disposed in the fuel
passage “c” leading from the low-pressure pump 5 to the
SCV 17 for climinating extraneous matters contained 1n the
fuel supplied by the low-pressure pump 5. Excess fuel,
which does not pass through the SCV 17 and the restrictor
33, out of the fuel supplied from the low-pressure pump 5
returns to the fuel tank 4 through a fuel passage “I” branch-
ing from the fuel passage “d” and the cam chamber 32. A
pressure regulation valve 36 for releasing the excess fuel 1s
disposed 1n the fuel passage “1”.

The common rail 7 1s a pressure accumulation vessel for
accumulating the fuel, which 1s supplied from the high-
pressure pump 2, at a common rail pressure corresponding
to a fuel 1njection pressure of the injectors 10. The common
rail 7 1s connected with the multiple injectors 10, which are
mounted to respective cylinders of the engine, through
multiple fuel passages “g”. If a solenoid of the 1njector 10 1s
energized, a valve member 1s driven by a magnetic force
caused by the energization. Thus, a valve hole 1s opened. If
the energization 1s stopped, the valve member 1s driven by
a biasing force of a spring and the like, and the valve hole
1s closed. The tuel in the common rail 7 1s 1njected 1nto the
cylinder by opening the valve hole.

The common rail 7 has a pressure limiter 37 for limiting
the common rail pressure to a limit pressure or under. The
pressure limiter 37 operates if the common rail pressure
exceeds a predetermined set value. The pressure limiter 37
intermittently releases the fuel 1n the common rail 7 to the
tuel tank 4 through a fuel passage “h” until the commeon rail
pressure 1s stabilized under the set value. Excess fuel from
the injectors 10 returns to the fuel tank 4 through fuel
passages “1” merging with the fuel passage “h”. The fuel
passage “e¢” and the fuel passage “h” merge into one fuel
passage 9”7, which 1s connected with the fuel tank 4.

The common rail pressure sensing means 8 1s a pressure
sensor, which has a publicly known structure and is attached
to the common rail 7.

The controlling means 6 includes an electronic control
umt (ECU) 41, an imnjector drnive circuit, an SCV drive
circuit, a low-pressure pump drive circuit 42 and the like.
The ECU 41 includes a computer equipped with CPU {for
performing control processing and arithmetic processing, a
memory device for storing various types of programs and
data, an input device, an output device and the like. The
injector drive circuit energizes the solenoids of the injectors
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10. The SCV drive circuit energizes the solenoid of the SCV
17. The low-pressure pump drive circuit 42 energizes the
clectric motor 3 of the low-pressure pump 5. The controlling
means 6 receives sensing signals from engine rotation speed
sensing means 43, accelerator position sensing means 44,
the common rail pressure sensing means 8 and the like. The
engine rotation speed sensing means 43 senses a signal used
to measure an engine rotation speed. The accelerator posi-
tion sensing means 44 senses a signal used to measure an
accelerator position. The controlling means 6 performs the
various types of the control based on the sensing signals.

For instance, the controlling means 6 controls an 1njection
quantity and injection timing of the fuel mjected from the
injectors 10 into the respective cylinders of the engine 1n
accordance with the requirements of the engine such as the
engine rotation speed or the accelerator position. More
specifically, the controlling means 6 calculates the 1njection
quantity (an injection quantity command value) and the
injection timing (an injection timing command value) of the
tuel 1njected from the 1njectors 10 into the cylinders based
on the sensing signals outputted by the engine rotation speed
sensing means 43, the accelerator position sensing means 44
and the like. Then, the controlling means 6 performs the
energization of the solenoids of the injectors 10 based on the
calculated 1njection quantity command value and the injec-
tion timing command value. Thus, the mjectors 10 1nject the
fuel into the respective cylinders.

The controlling means 6 regulates the pressure-feeding
quantity of the high-pressure pump 2 (the suctioning quan-
tity of the SCV 17) so that the common rail pressure
substantially coincides with the injection pressure of the
injectors 10. More specifically, the controlling means 6
calculates an SCV drive current (an SCV drive current
command value), which 1s supplied to the solenoid of the
SCV 17, 1 accordance with the sensing signal mputted by
the common rail pressure sensing means 8. Then, the con-
trolling means 6 synthesizes a control signal of a duty ratio
corresponding to the calculated SCV drive current command
value. Then, the solenoid of the SCV 17 1s energized with
the control signal, and the valve opening degree of the SCV
17 1s regulated. Thus, the suctioning quantity of the SCV 17,
or the pressure-feeding quantity of the high-pressure pump
2, 1s regulated.

The controlling means 6 of the present embodiment
regulates the energization amount of the electric motor 3 in
accordance with the common rail pressure to control the
supply quantity of the low-pressure pump 5. More speciii-
cally, the ECU 41 measures the common rail pressure with
the use of the sensing signal inputted by the common rail
pressure sensing means 8. Then, the ECU 41 calculates a
motor drive current (a motor drive current command value),
which 1s supplied to the electric motor 3, in accordance with
the difference between the measured value and a target value
of the common rail pressure. Then, the ECU 41 synthesizes
a control signal of a duty ratio corresponding to the calcu-
lated motor drive current command value and outputs the
control signal to the low-pressure pump drive circuit 42. A
transistor 45 for energizing the electric motor 3 included in
the low-pressure pump drive circuit 42 performs switching
operation responsive to the control signal. Thus, the current
substantially equal to the motor drive current command
value 1s supplied from a battery 46 to the electric motor 3.
By regulating the energization amount of the electric motor
3, arotation speed of the impeller 34 1s regulated and the tuel
supply quantity of the low-pressure pump 3 1s controlled.

As explained above, the controlling means 6 of the first
embodiment regulates the energization amount of the elec-
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tric motor 3 1n accordance with the measured value of the
common rail pressure. Thus, the fuel supply quantity of the
low-pressure pump 5 1s controlled.

Thus, the power consumption of the electric motor 3
driving the low-pressure pump 5 can be regulated in accor-
dance with the pressure-feeding quantity of the high-pres-
sure pump 2. As a result, the power consumption W of the
clectric motor 3 and the wasteful fuel supply of the low-
pressure pump 3 can be reduced as shown 1n FIGS. 2A and
2B.

More specifically, the low-pressure pump of the related art
supplies the fuel of a constant quantity Q'max corresponding,
to the maximum pressure-feeding quantity Qmax of the
high-pressure pump as shown by a solid line C 1n FIG. 2B,
irrespective of the pressure-feeding quantity QQ of the high-
pressure pump 2. Therefore, the power consumption W of
the electric motor 1s a constant value Wmax as shown by a
solid line A 1n FIG. 2A. In contrast, 1n the first embodiment,
by regulating the energization amount of the electric motor
3 1n accordance with the common rail pressure, the power
consumption W of the electric motor 3 can be regulated 1n
accordance with the pressure-feeding quantity Q of the
high-pressure pump 2 as shown by a solid line B in FIG. 2A.
Likewise, the supply quantity Q' of the low-pressure pump
5 can be controlled 1n accordance with the pressure-feeding
quantity Q of the high-pressure pump 2 as shown by a solid
line D 1 FIG. 2B.

(Second Embodiment)

Next, a fuel injection system 1 according to a second
embodiment of the present invention will be explained based
on FIG. 3.

The ECU 41 of the fuel ijection system 1 of the second
embodiment synthesizes a motor drive signal for driving the
clectric motor 3 and outputs the motor drive signal to the
low-pressure pump drive circuit 42 when the fuel needs to
be pressure-fed to the common rail 7. Responsive to the
motor drive signal, the transistor 45 included 1n the low-
pressure pump drive circuit 42 for energizing the electric
motor 3 operates to energize the electric motor 3 with the use
of the battery 46. Thus, the impeller 34 rotates at a prede-
termined rotation speed and a predetermined quantity of the
fuel 1s supplied by the low-pressure pump 5.

If the ECU 41 determines that the state of the fuel
injection system 1 1s 1n a common rail pressure reduction
period based on a transition of the injection quantity com-
mand value and the like, the ECU 41 stops synthesizing and
outputting the motor drive signal. The common rail pressure
reduction period 1s a period i which the common rail
pressure 1s reduced responsive to a command of the ECU 41.
Thus, the transistor 45 1s stopped and the power supply from
the battery 46 to the electric motor 3 1s stopped. Accordingly,
the fuel supply by the low-pressure pump 5 stops. The ECU
41 determines that the common rail pressure reduction
period occurs if the ijection quantity command value 1s on
the decrease, or if the fuel quantity required by the engine
decreases, for mstance. Thus, the controlling means 6 stops
the energization of the electric motor 3 to stop the fuel
supply of the low-pressure pump 5 i1n the common rail
pressure reduction period.

As explained above, the controlling means 6 of the second
embodiment stops synthesizing and outputting the motor
drive signal 1f the controlling means 6 determines that the
state of the fuel injection system 1 1s 1n the common rail
pressure reduction period.

Thus, the energization of the electric motor 3 stops and the
tuel supply of the low-pressure pump 5 stops. Accordingly,
the common rail pressure can be reduced quickly.
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For instance, as shown 1n FIG. 3, a time for the common
rail pressure Pc to decrease to a new 1njection pressure 1s
shorter 1n the case where the energization of the electric
motor 3 1s stopped when the fuel leak 1s caused by clogging
ol extraneous matters in the SCV 17 and the like than 1n the
case where the energization of the electric motor 3 1s not
stopped. The common rail pressure Pc and the energization
state E of the electric motor 3 in the case where the
energization of the electric motor 3 1s stopped are shown by
a solid line A and a solid line C 1n FIG. 3 respectively. The
common rail pressure Pc and the energization state E in the
case where the energization of the electric motor 3 1s not
stopped are shown by a broken line B and a broken line D
in FIG. 3 respectively.

The controlling means 6 of the second embodiment
determines that the state of the fuel injection system 1 1s 1n
the common rail pressure reduction period i the injection
C
C

juantity command value 1s on the decrease, or if the fuel
juantity required by the engine decreases.

Thus, the 1njection pressure can be quickly reduced when
the fuel quantity required by the engine decreases. As a
result, response of the engine control can be improved.

(Third Embodiment)

Next, a fuel mjection system 1 according to a third
embodiment of the present invention will be explained based
on FIGS. 4 and S.

The tuel injection system 1 of the third embodiment
shown 1n FIG. 4 includes low-pressure pump supply pres-
sure sensing means 80 for sensing the fuel supply pressure
of the low-pressure pump 5. The controlling means 6
controls the valve opening degree of the SCV 17 based on
a sensing signal outputted by the low-pressure pump supply
pressure sensing means 80.

The low-pressure pump supply pressure sensing means 80
1s a publicly known pressure sensor attached to the fuel
passage “c” between the fuel filter 35 and the SCV 17. The
low-pressure pump supply pressure sensing means 80 senses
the fuel pressure in the fuel passage “c”, or the supply
pressure (a low-pressure pump supply pressure) of the
low-pressure pump 5 on the downstream side of the tuel
filter 35.

The controlling means 6 of the third embodiment controls
the valve opening degree of the SCV 17 based on the sensing
signal outputted from the low-pressure pump supply pres-
sure sensing means 80, in addition to the sensing signal
outputted from the common rail pressure sensing means 8.
More specifically, the controlling means 6 calculates the
SCV drive current command value by correcting the SCV
drive current, which 1s calculated mainly 1n accordance with
the measured value of the common rail pressure, based on
the measured value of the low-pressure pump supply pres-
sure.

This correction 1s performed based on an SCV drive
current correction map (a correction map) shown in FIG. 5.
The correction map shows a correlation between the SCV
drive current I and the pressure-feeding quantity QQ of the
high-pressure pump 2 (the suctioning quantity of the high-
pressure pump 2 or the suctioning quantity of the SCV 17).
A standard lmme S in FIG. 5 represents the correlation
between the SCV drive current 1 and the pressure-feeding
quantity Q of the high-pressure pump 2 1n a state in which
the fuel supply quantity of the low-pressure pump 3 has not
changed with time. More specifically, the standard line S
represents the correlation between the drive current I and the
pressure-feeding quantity Q of the high-pressure pump 2 in
a state 1n which the low-pressure pump supply pressure 1s a
value (a standard value) provided when the low-pressure
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pump supply pressure has not changed with time. A high-
pressure line H 1n FIG. 5 represents the correlation between
the SCV drive current I and the pressure-feeding quantity Q
of the high-pressure pump 2 in a state 1n which the low-
pressure pump supply pressure 1s higher than the standard
value by a value AP (a positive value). A low-pressure line
L 1n FIG. 5 represents the correlation between the SCV drive
current I and the pressure-feeding quantity Q of the high-
pressure pump 2 1n a state 1n which the low-pressure pump
supply pressure 1s lower than the standard value by the value

AP.

The correction map of FIG. 5 shows the correlation
between the SCV drive current 1 and the pressure-feeding
quantity (Q of a normally open type suction control valve,
which maximizes the pressure-feeding quantity Q of the
high-pressure pump 2 when the SCV drive current I 1s zero.
As shown by the standard line S, the valve hole 1s 1n a tully
opened state and the maximum pressure-feeding quantity
Qmax of the fuel 1s pressure-fed by the high-pressure pump
2 unless the SCV drive current I exceeds a threshold value
Is. If the SCV drive current I exceeds the threshold value Is,
the valve hole starts closing and the pressure-feeding quan-
tity Q of the high-pressure pump 2 decreases gradually. IT
the SCV drive current I reaches a predetermined value Imax,
the valve hole 1s brought to the fully closed state and the
pressure-feeding quantity (Q of the high-pressure pump 2
becomes zero.

Next, a correcting method of the SCV drnive current I will
be explained. First, a tentative SCV drive current 10 1s
calculated in accordance with the measured value of the
common rail pressure and the like on the premise that the
tuel supply quantity of the low-pressure pump 5 has not
changed with time. Then, the pressure-feeding quantity Q0
of the high-pressure pump 2 is calculated by applying the
tentative SCV drive current 10 to the standard line S. Then,
a correction line X 1s drawn on the correction map 1n
accordance with a difference € between the measured value
and the standard value of the low-pressure pump supply
pressure. The correction line X 1s drawn between the high-
pressure line H and the standard line S when the difference
€ 1s a positive value. The correction line X 1s drawn between
the low-pressure line L and the standard line S when the
difference € 1s a negative value. The correction line X 1n the
case where the difference € 1s a negative value 1s shown 1n
FIG. 5. By applying the calculated value of the pressure-
teeding quantity Q to the correction line X, the SCV drive
current I 1s newly calculated. The newly calculated SCV
drive current I 1s employed as the SCV drive current
command value Ic.

The controlling means 6 of the third embodiment calcu-
lates the SCV drive current command value Ic by correcting
the SCV drive current I, which 1s calculated mainly in
accordance with the measured value of the common rail
pressure, based on the measured value of the low-pressure
pump supply pressure.

Thus, even i1 the fuel supply quantity of the low-pressure
pump 5 changes with time due to the degradation of the
clectric motor 3 and the like, the suctioning quantity of the
SCV 17 can be regulated 1n accordance with the fuel supply
quantity of the low-pressure pump 5. As a result, even 11 the
tuel supply quantity of the low-pressure pump 5 changes
with time, the fuel supply quantity supplied by the high-
pressure pump 2 to the engine can be substantially con-
formed to the fuel quantity required by the engine.

Moreover, the intluence of the low-pressure pump supply
pressure 1s retlected 1n the valve opening degree of the SCV
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17. Therefore, the pressure regulation valve 36 used 1n the
first and second embodiments 1s unnecessary in the third
embodiment.

The low-pressure pump supply pressure sensing means 80
of the third embodiment senses the fuel pressure 1n the fuel
passage “c” connecting the fuel filter 35 with the SCV 17.

Thus, the low-pressure pump supply pressure reflecting
the clogging of the fuel filter 35 and the like can be
measured. As a result, the control reliability of the SCV 17
can be improved further.

(Modifications)

In the first embodiment, the controlling means 6 regulates
the energization amount of the electric motor 3 by perform-
ing the duty cycle control of the control signal, by which the
clectric motor 3 1s driven. Alternatively, the energization
amount of the electric motor 3 may be regulated with the use
ol a variable resistor.

The controlling means 6 of the first embodiment regulates
the energization amount of the electric motor 3 in accor-
dance with the measured value of the common rail pressure.
Alternatively, the energization amount of the electric motor
3 may be regulated 1n accordance with the injection quantity
command value of the imjectors 10, the SCV drive current
command value, or a duty ratio corresponding to the SCV
drive current.

The fuel mjection system 1 of the second embodiment
stops the fuel supply of the low-pressure pump 5 if the
injection quantity command value 1s on the decrease, or 1f
the fuel quantity required by the engine decreases. Alterna-
tively, the fuel injection system 1 may determine that the
common rail pressure reduction period occurs and may stop
the fuel supply of the low-pressure pump 5 11 the common
rail pressure abnormally increases when the pressure limiter
37 becomes 1noperative.

The controlling means 6 of the above embodiments 1s
applied to the pressure accumulation type fuel injection
system 1, which injects the fuel into the engine through the
common rail 7 accumulating the high-pressure fuel. Alter-
natively, the controlling means 6 of the above embodiments
may be applied to a fuel injection system injecting the fuel
into the engine not through a common rail.

The present invention should not be limited to the dis-
closed embodiments, but may be implemented in many
other ways without departing from the spirit of the inven-
tion.

What 1s claimed 1s:

1. A fuel mjection system for supplying fuel mnto an
engine by injection, the fuel ijection system comprising:

a high-pressure pump for pressurizing the fuel to a high
pressure and for supplying the fuel to the engine;

a low-pressure pump driven by an electric actuator for
drawing the fuel from a fuel tank and for supplying the
fuel to the high-pressure pump;

a suction control valve for regulating a suctioning quan-
tity of the fuel suctioned into the high-pressure pump
out of the fuel supplied by the low-pressure pump;

low-pressure pump supply pressure sensing means for
sensing a fuel supply pressure of the low-pressure
pump; and

controlling means for controlling a valve opening degree
of the suction control valve in accordance with a
sensing signal outputted by the low-pressure pump
supply pressure sensing means.
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2. The fuel 1injection system as in claim 1, further com-

prising;:
a fuel filter for elimiating extrancous matters contained
in the fuel supplied by the low-pressure pump, wherein

the low-pressure pump supply pressure sensing means
senses the supply pressure by sensing a fuel pressure in

a Tuel passage connecting the fuel filter with the suction
control valve.

3. A fuel injection system as in claim 1, wherein the valve
opening degree of the suction control valve 1s controlled 1n
accordance with the sensed value of the fuel supply pressure
of the low-pressure pump correlated with the fuel supply
amount of the low-pressure pump.

4. A fuel injection system for supplying fuel into an
engine by injection, the fuel injection system comprising:
a high-pressure pump for pressurizing fuel to a high
pressure and for supplying the fuel to the engine;

a low-pressure pump driven by an electric actuator for
drawing fuel from a fuel tank and for supplying the fuel
to the high-pressure pump:;

a suction control valve for regulating a suctioning quan-
tity of the fuel suctioned into the high-pressure pump
out of the fuel supplied by the low-pressure pump;

a low-pressure pump supply pressure sensor to sense a
tuel supply pressure of the low-pressure pump; and

a controller to control a valve opening degree of the
suction control valve in accordance with a sensing
signal outputted by the low-pressure pump supply
pressure Sensor.

5. The fuel mjection system as in claim 4, further com-

prising;:
a fuel filter for eliminating extraneous matters contained
in the fuel supplied by the low-pressure pump, wherein

the low-pressure pump supply pressure sensor senses the
supply pressure by sensing a fuel pressure 1 a fuel
passage connecting the fuel filter with the suction
control valve.

6. A method for supplying fuel into an engine by 1injection
using a fuel injection system including a high pressure pump
for pressurizing fuel to a high pressure and supplying the
fuel to the engine, a low pressure pump for drawing fuel
from a tuel tank and supplying the fuel to the high pressure
pump, and a suction control valve to regulate a suction
quantity of fuel sucked into the high pressure pump out of
the fuel supplied by the low pressure pump, the method
comprising;

drawing fuel from a fuel tank with the low pressure pump

and supplying the fuel to the high pressure pump via the
suction control valve;

sensing a fuel supply pressure of the low-pressure pump;
and

controlling a valve opening degree of the suction control
valve 1n accordance with said fuel supply pressure.

7. A method as in claim 6, further comprising filtering the
tuel supplied by the low pressure pump with a fuel filter to
climinate extrancous matters contaimned in the fuel and
wherein fuel supply pressure i1s sensed 1 a fuel passage
connecting the fuel filter with the suction control valve.
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